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Abstract 
This paper presents a new approach to recognize a long-term strength of concrete. We introduce into the calculation a new 
concept of energy integrity of the specific energy of W-maximum resistance to the destruction. In the formation and aging 
process the concrete is considered to be a non-conservative system. Strength development implies the increasing of the demanded 
specific work for fracture. The results of the calculations show that for critical reinforced concrete constructions operate at a 
significant level of long-term loading. The coefficient of the working conditions should be given as differentiating, taking into 
account the predicted concrete creep. 
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1. Introduction 
Under the long-term strength Rb (t, t0) the maximum stress at which the concrete is not destroyed in the time 
interval of [t0, t], (t0 t ) shall be regarded. Theoretical definition of this strength is rather a complicated task [1–
2]. 
The main reason is the need to incorporate concrete creep. Although contemporary models of theoretical 
estimation of creep deformations have already been developed, and those models allow enough to predict their level 
of [3–5] quite accurately , the general solution of that problem has not been come to, even taking into account the 
physical work of nonlinear materials. 
Therefore, the theory of aging the linear viscoelasticity has been accepted in European countries as the basis of 
such calculations and was first established by the Italian mathematician Volterra [6]. The present status condition of 
that theory is described in several papers [7–9]. 
In the present paper, a new approach to recognize a long-term strength of concrete, the foundations of which are 
set out in papers [10, 14-28]. 
Main part The results of the numerous experiments, carried out by different authors, indicate that under the action 
of the prolonged high level compressive stresses, concrete strength is being reduced. Experiments have shown that 
relatively to the short-term strength of the concrete Rb (t0) the level of the continuous strength ranges from 0.75 to 
0.9. 
The contemporary condition status of the resistance power theory of reinforced concrete makes it possible to 
calculate theoretically that level. The presented work develops a well-known research of S.V. Alexandrovskiy, N.H. 
Arutyunyan, V.M. Bondarenko, S.V. Bondarenko, G.A. Geniev, N.I. Karpenko, V.G. Nazarenko, I.E. Prokopovich, 
V.I. Rimshin, A.V. Yashin, A. Cwirzen, R. Engblom, S. Yeúilmen, A. Gürbüz and others. In this case, instead of the 
usually used invariant of M. Reiner about the independence of the specific potential energy at the destruction 
moment on the mode of loading, we introduce into the calculation a new concept of energy integrity of the specific 
energy W-maximum resistance to the destruction. 
M. Reiner’s invariant is valid only for the conservative systems implemented in the problem under discussion 
when constȿ  )(W  and constC  ),(* WW ; where )(Wȿ  is a module of elastic deformations; ),(
* WWC  is a 
Specific of short-term ("instantaneous") creep; ),(* WtC  is a simple Specific Creep at the t moment while loading at 
the W  moment.  
In the formation and aging process the concrete is a non-conservative system. Strength development implies the 
increasing of the demanded specific work for fracture and 
)(tW ! ).( 0tW  
 
(1) 
Quantity   ),( 0ttWtW  can be represented as an operation of stresses )(tRb and ),( 0ttRb on the 
displacements of )(tRH  and ),( 0ttRH  
)()()( ttRtW Rb H  
 
(2) 
),(),(),( 000 ttttRttW Rb H  
 
(3) 
Furthermore, a well-known invariant, repeatedly confirmed by experimental data, is commonly used for the 
long–term loaded concretes [11] 
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The invariant ),( *CEI b reflects the fact that in the concrete aging process, while its quality is evident in its 
hardening, the module  WbE  increasing is offset by degradation of plastic properties – that is by a decrease of 
),(* WWC . In addition to it, the presence of that invariant confirms the identity of variation laws of the concrete 
modulus of elasticity  WbE  and the strength  WbR of the concrete. 
As a result of such assumptions the following formula has been obtained 
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(5) 
where  < 0, ttR is the function of the monotonic increase of concrete strength with the time for it shardening 
under favorable conditions. According to G.A. Ganiev [10], we consider the coincidence of the variation laws in 
time of the concrete strength  WbR  and the concrete modulus of elasticity, ie,    .,, 00 tttt ER < < This 
assumption is confirmed by the experimental data >11@. 
The variation law of the concrete modulus of elasticity in time has theoretically been obtained by V.M. 
Bondarenko [12]. The similar variation law of the strength has obtained the form of 
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(6) 
where D is an empirical coefficient and its value is determined by the module of the 
exposed surface of the element; 
0R is an old concrete strength (at t = ), defined by the formula 
 ,280 RR mE  
 
(7) 
Where in mE  is the growth factor of the unloaded concrete strength ( mE  = 1.221 – for the high-quality rapid 
setting cements, mE = 1.284 – for normal and rapid setting and mE = 1.391 – for slow setting cements under normal 
conditions). 
The coefficient at )( 0tR of formula (5) reflects the level of long-term strength of the concrete and has been 
called the coefficient of long durability  0, ttJ . At sufficiently large t, the quantity  0tte D  can be neglected, and 
this factor can be determined by the formula 
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Generally it is considered that 280  t , but f t . In this case, taking into consideration the invariant 
),( *CEI b and the well-known correspondence    ff,*C    ,128,* kC f where the empirical parameter k  is often assumed as equal to 0.8, we obtain  
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(9) 
In the formula (9) f )(0 EE  is the old concrete modulus of elasticity which is dependent on the initial 
concrete modulus of elasticity )28(bE using the dependence 
 .280 bmEE E  
 
(10) 
While it becomes necessary to determine the initial modulus of elasticity at any timepoint, then the following 
formulae are used: 
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The dependences (5), (6) and (11), (12) are recommended when performing the exact calculations for long-term 
loading, for example, while designing the solid-cast reinforced concrete constructions. 
In recent years, the design standards regulate the creep accounting by a creep coefficient  28,, f MM crb . Its 
value can be taken according to the class of concrete and the air humidity of the environment. 
For the practical realization convenience of the formula (9) we shall take into account the well-known relation 
between the linear creep coefficient  0, ttM  and the Specific Creep 
     .,, 000 tEttCtt  M  
(13) 
The linear creep component ),( 0ttlM of for the given time t and for the simple loading regime is proposed to be 
found by the formula [13] 
8.01()1(),( )()(2,0 00
tttt
crbl eett
 u DDMM
(14) 
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in which the limited characteristics of linear concrete creep crb,
M
 is calculated by the formula 
)5.0( 0221,
tN
crb de
D[[MM   
 
(15) 
The values of the coefficients 21 ,[[  and d are determined by the table [13], depending on the relative humidity 
of the environment and on the exposed surface module of the calculating element, but the limited value for the 
concrete creep which are existing under reference conditions can be calculated by the formula 
   ,, 00 tEtC NN f M  
 
(16) 
where   f 0, tC N is the limited value of the concrete creep measure, which is accepted according to the 
recommendations[13]. 
The cofactor )5.0( 02 tde D takes into account the variation of the creep coefficient under different ages of 
concrete uploading t0. 
It should be noted here that the creep coefficients Mb,cr for the unconfined compressed concrete given in the 
normative documents, reflect some averaged values to simplify the practical calculations. In this paper, we use the 
formula (15) for a more accurate quantitative assessment of the level of the long-term concrete strength . 
The theoretical level of long-term strength of the concrete can be determined more accurately, taking into 
account the nonlinear creep, which is associated with the significant structural damages under the high levels of 
stress in the concrete. One of the simplest suggestions for its accounting contain Eurocode (EN 1992–1–1–2009), in 
which the nonlinear creep function cf  has been proposed 
  45.05.1exp  bcf K  
 
(17) 
where bK is the level of operating stress ( while determining the long-term strength, it is 
recommended to be taken 78.072.0 y|bK ). 
Then, the numerator of the radicand in formula (9) can be rewritten as follows 
     .,2.0128, 00 ttfkCE cm ME f  
 
(18) 
Similarly, having transformed the denomination of the radicand in formula (9) and recording formula (7), we 
obtain the following formula 
 
 0
0
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According to this formula, the values of the coefficient of long-term strength for the heavy concrete of different 
classes have been calculated, and those values have been summarized in the table. In its upper lines are presented 
the results of calculations performed for constructions with the exposed surface module of Mo = 10 m-1, so as the 
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level of long-term strength in the experiments was usually determined by the results of the test rod designs. Relative 
humidity of the environment was assumed to be 60% and 40%. 
The analysis of the table data shows that the theoretical level of the long-term strength of the concrete for normal 
humidity environment when Mo = 10 m-1 is (0.79 ... 0.86) that closely matches the experimental data. 
Consequently, the proposed depending truly reflect the actual nature of the work is long loaded concrete. 
On the other hand, it is clear that service factor 1bJ = 0.9, recommended by the standards for the cases when the 
efforts of permanent and long loads exceed 90% of the efforts of full loading, not always correctly assesses the long-
term strength of concrete. This is especially true for concretes, operated in dry environments, for which the values of 
the coefficient of long-term strength  ),( 0ttJ  at all range of strength grades are less than 0.8. 
The values  ),( 0ttJ are also less than 0.8 for all investigated grades of concretes exposed in the normal 
conditions of relative humidity, but with an open surface module Mo = 80 m-1 or more. 
Table 1. Coefficient of long-term strength )28,(fJ  for various grades of concrete 
Property 
Strength grade of heavy concrete 
15 20 25 30 35 40 50 60 
Environmental Relative Humidity 60 %, M0=10[m-1] 
Creep coefficient crb,M  2.5 2.4 2.32 2.07 1.96 1.83 1.44 1.17 
Coefficient of strength growth mE  1.39 1.28 1.28 1.28 1.28 1.22 1.22 1.22 
Coefficient of long-term strength  ),( 0ttJ  0.84 0.79 0.80 0.81 0.82 0.80 0.84 0.86 
Environmental Relative Humidity  40 %, M0=10 [m-1] 
Creep coefficient crb,M  3.17 3.05 2.95 2.63 2.47 2.33 1.83 1.49 
Coefficient of strength growth mE  1.39 1.28 1.28 1.28 1.28 1.22 1.22 1.22 
Coefficient of long-term strength  ),( 0ttJ  0.81 0.76 0.77 0.78 0.79 0.77 0.80 0.83 
Environmental Relative Humidity 60 %, M0=80 [m-1] 
Creep coefficient crb,M  3.36 3.23 3.13 2.79 2.64 2.46 1.94 1.57 
Coefficient of strength growth mE  1.39 1.28 1.28 1.28 1.28 1.22 1.22 1.22 
Coefficient of long-term strength  ),( 0ttJ  0.76 0.72 0.72 0.73 0.74 0.72 0.75 0.78 
2. Conclusions 
The results of the calculations show that for critical reinforced concrete structures operating at a significant level 
of long-term load (i.e. columns of high-rise buildings) the coefficient of working conditions should be given 
differentiated taking into account the predicted concrete creep. These results should be taken into account in the 
process of adjusting of normative documents on the calculation of reinforced concrete structures. 
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